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The Fermi Bubbles, which comprise two large and homogeneous regions of spectrally hard
gamma-ray emission extending up to 55◦ above and below the Galactic Center, were first no-
ticed in GeV gamma-ray data from the Fermi Telescope in 2010. The mechanism or mechanisms
which produce the observed hard spectrum are not understood. Although both hadronic and lep-
tonic models can describe the spectrum of the bubbles, the leptonic model can also explain similar
structures observed in microwave data from the WMAP and Planck satellites. Recent publications
show that the spectrum of the Fermi Bubbles is well described by a power law with an exponen-
tial cutoff in the energy range of 100MeV to 500GeV. Observing the Fermi Bubbles at higher
gamma-ray energies will help constrain the origin of the bubbles. A steeper cutoff will favor a
leptonic model. The High Altitude Water Cherenkov (HAWC) Observatory, located 4100m above
sea level in Mexico, is designed to measure high-energy gamma rays between 100GeV to 100TeV.
With a large field of view and good sensitivity to spatially extended sources, HAWC is the best
observatory suited to look for extended regions like the Fermi Bubbles at TeV energies. We will
present results from a preliminary analysis of the Fermi Bubble visible to HAWC in the Galactic
Northern Hemisphere during the ICRC conference.
The 34th International Cosmic Ray Conference,
30 July- 6 August, 2015
The Hague, The Netherlands
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1. Introduction
In 2010, the analysis of Fermi data, made by [1] and [2], revealed two large and homogeneous
regions of spectrally hard gamma-ray emission extending up to 55◦ above and below the Galactic
Center. These two regions are called Fermi Bubbles. Since their discovery, multiple models to
explain the origin of the bubbles as well as the production of gamma rays have been proposed.
The mechanism or mechanisms which produce the observed hard spectrum of gamma rays are
still not understood. Both hadronic and leptonic models can describe the spectrum of the bubbles,
however, the leptonic model can also explain similar structures observed in microwave data from
the WMAP[1] and Planck satellites[3].
The spectrum of the Fermi Bubbles is well described by a power law with an exponential cutoff
in the energy range of 100MeV to 500GeV according to [4] and [5] . Observing the Fermi Bub-
bles at higher gamma-ray energies will help constrain the origin of the bubbles. A hard spectrum
generally points to the presence of hadrons and a cut off spectrum suggests a leptonic origin.
The High Altitude Water Cherenkov (HAWC) Observatory is located 4100m above sea level
on the volcano Sierra Negra in the state of Puebla, Mexico and has recently been completed. HAWC
is designed to measure high-energy gamma rays between 100GeV to 100TeV. It consists of an
array of 300 steel water tanks, called water Cherenkov Detectors (WCDs), covering an area of
∼ 22000m2. Each of the WCDs has four photo-multiplier tubes (PMTs) on the bottom. The PMTs
detect the Cherenkov light in the water that is produced by charged particles from air showers that
enter the WCD. (See [6] and [7] for more details). With a field of view of 2 sr and good sensitivity
to spatially extended sources, HAWC is the best observatory to look for extended regions like the
Fermi Bubbles at TeV energies.
In these proceedings we present simulations of the response to the HAWC detector to two
spectral shape assumptions. During the ICRC conference we will present a preliminary analysis on
HAWC data to obtain an upper-limit on the flux of the Northern Fermi Bubble.
2. Simulation
In order to have a first estimate of the response of the HAWC detector to the Fermi Bubbles,
a simulation of 3 years of data was performed. The simulation includes cosmic rays, gamma
rays from diffuse emission and gamma rays from the Fermi Bubbles. The cosmic rays follow the
spectra of HEAO-3-C2[8], JACEE[9], RUNJOB[10], TRACER[11], ATIC-2[12], CREAM-2[13],
and PAMELA[14]. The gamma rays from diffuse emission come from GALPROP[15]. The HAWC
detector configuration for this simulation uses the 300 WCDs. For the Fermi Bubbles, a simple
template with a flat morphology and two spectral assumptions was made. The first assumption is
a power-law spectrum with spectral index of 2. The second assumption is a power law with cutoff
spectrum. Table 1 shows the parameters used for the spectral assumptions (An estimation of these
parameters was obtained from [16]). The results of the simulation are shown in figures 1a and 1b.
As it can be seen, with the power law spectrum assumption HAWC would be sensitive enough
to observe the Fermi Bubbles. If the spectrum follows a power law with cutoff, HAWC would
not be sensitive enough to make a significant detection. With either a detection or non-detection,
HAWC will be able to meaningfully constrain the spectrum of the Fermi Bubbles.
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Parameters Power Law Power Law with cutoff
E2F0[10−7GeVcm−2sr−1s−1] 6.31 5.10
Spectral Index 2.0 1.99
Cutoff Energy (GeV) — 152.48
Table 1: Parameters used for the simulation of the Fermi Bubbles. The differential flux is at 1 GeV
(a)
(b)
Figure 1: Significance map for 3 years of simulation shown in Galactic Coordinates; the Galactic
plane as well as region A and B (Cosmic rays) are observed. (a)The Fermi Bubbles are simulated
with a power-law spectrum. In this case HAWC is able to observe the northern Fermi Bubble. (b)
The Fermi Bubbles are simulated with a power-law with cutoff spectrum. HAWC is not able to
observe the northern Fermi Bubble in this case.
3. Outlook
We will present an upper limit calculation for the Fermi Bubble using HAWC data. The upper
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limit calculation will be performed using two spectral assumptions and looking at event excesses
in the bubble region. Obtaining the upper limit for specific spectral assumptions will constrain the
spectrum of the Fermi Bubbles at ∼TeV energies.
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